In vitro dissolution and in vivo oral absorption of methylphenidate from a bimodal release formulation in healthy volunteers.
The objective of this study was to evaluate the in vitro dissolution and in vivo absorption of D,L-threo-methylphenidate (MPH) from a novel bimodal release formulation (Ritalin LA capsule) compared with an immediate-release formulation (Ritalin IR tablet) in healthy volunteers. The bimodal release formulation contains 50% of the dose in the immediate-release (IR) beads and 50% in polymethacrylate-coated, delayed-release (DR) beads. To better understand the impact of dissolution from the DR beads on oral absorption of MPH, three Ritalin LA formulations with different dissolution profiles for the DR beads (referred to as slow-, medium and fast-release formulations) were prepared, and tested together with the immediate-release formulation in 18 healthy male and female volunteers after a single oral dose under fasted conditions. The rate and extent of oral absorption of MPH were evaluated based on the overall Cmax, tmax and AUC values, as well as the Cmax, tmax and AUC values for each individual peak of the bimodal plasma concentration-time profile. The in vivo absorption-time profile was also examined by deconvolution. All three Ritalin LA formulations demonstrated similar bimodal plasma concentration-time profiles with two peak concentrations observed at approximately 2 and approximately 6 h post dose, mimicking that of Ritalin IR tablets given 4 h apart. Deconvolution results showed that the absorption of MPH was biphasic, with a rapid absorption phase between 0 to approximately 2 h, and a somewhat slower second absorption between approximately 3-6 h, consistent with the in vitro bimodal release characteristics of Ritalin LA formulation. The three Ritalin LA formulations were bioequivalent to one another based on the overall Cmax and AUC values and the corresponding values describing the first and second peaks, although their in vitro dissolution profiles for the DR beads were different. Compared with Ritalin IR, the Ritalin LA formulation demonstrated a similar rate of absorption for the first peak, a lower second Cmax and a higher trough concentration between peaks, as well as similar overall plasma AUC. Following a single oral drug administration, Ritalin LA demonstrated a two-peak plasma concentration-time profile, similar to that of the IR formulation given 4 h apart, but with less fluctuation in the plasma concentration-time profile. The in vivo biphasic absorption of MPH appeared to be well correlated with the bimodal dissolution characteristics of this new Ritalin LA formulation, and some changes in the dissolution profiles for the DR beads appeared not to affect the overall bioavailability of MPH in humans.